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Turbine arrangement

The invention relates to a turbine for generating work by a stagewise expansion of a gas, such as steam wherein
a downstream stage guide average height (45) is less than an adjacent upstream stage runner average height (37).
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to arrangements
and configurations of multi stage gas turbines and steam
turbines.

BACKGROUND INFORMATION

[0002] A common objective of turbine manufacturers,
whether it be manufacturers of steam turbine or gas tur-
bines, is the improvement of efficiency. This can be
achieved by reducing leakages, optimising the degree of
stage reaction, blade aspect ratio, stage loading and
blade configuration, including the application of 3D stack-
ing, twisting, bowing and lean. Nonetheless, there is a
continued need to seek new opportunities to improve tur-
bine efficiency.

SUMMARY

[0003] Provided is a turbine with an arrangement that
can provide improved efficiency, in particularly for tur-
bines configured for low volumetric flow applications with
low root reaction.

[0004] It attempts to address this problem by means
of the subject matters of the independent claim. Advan-
tageous embodiments are givenin the dependent claims.
[0005] The disclosure is based on the general idea of
providing an oscillating flow annulus in which guides of
reduced heights are used thereby creating a step in the
flow annulus at selected turbine axial stages.

[0006] One general aspect includes a turbine for gen-
erating work by a stagewise expansion of a gas, wherein
the turbine has an axial direction corresponding to an
expansion flow of the gas and a radial direction. The tur-
bine comprises a casing inner surface, a hub, a first axial
stage and a second axial stage. The first axial stage in-
cludes a first guide fixed to the casing inner surface and
a first runner fixed to the hub downstream of the first
guide. The first runner also includes a first runner tip ra-
dially distal from the hub and a first runner average radial
height between the first runner tip and the hub along an
axial midpoint of the first runner. The second axial stage,
downstream of the first axial stage, includes a second
guide fixed to the casing inner surface and having a sec-
ond guide tip distal from the casing inner surface and a
second guide average radial height between the second
guide tip and the casing inner surface along an axial mid-
point of the second guide. The second axial stage further
includes a second runner fixed to the hub downstream
of the second guide. The turbine is configured such that
the second guide average height is less than the first
runner average height. This imparts the turbine with an
oscillating annulus.

[0007] Further aspects may include one or more of the
following features. A hub diameter in a region extending
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between and including the first guide and the second
runner thatis constant. A hub radius in aregion extending
between and including the first guide and the second
runner that is variable such that the hub radius both in-
creases and decreases. A first runner radial height be-
tween the hub and the first runner tip thatincreases along
the axial direction such that a hade angle formed by of
the first runner tip is constant along the axial direction. A
second runner radial height thatincreases along the axial
direction such that a hade angle form by the second run-
nertip is constantalong the axial direction. Thefirst guide,
along the casing inner surface in the axial direction, form-
ing a bellmouth shape and the second guide, along the
casing inner surface in the axial direction, forming a bell-
mouth shape. A first guide radial height between the cas-
ing inner surface and the first guide tip that decreases
along the axial direction such that the first guide tip forms
a bellmouth shape along the axial direction. A second
guide radial height between the casing inner surface and
the second guide tip decreases along the axial direction
such that the first guide tip forms a bellmouth shape along
the axial direction. A K value of the first runner that varies
from 0.25 at the hub to 0.16 at the first runner tip. A K
value of the second guide that varies from 0.15 at casing
inner surface to 0.25 at the second guide tip.

[0008] The turbine may also be a steam turbine which
includes one or more of the following features. A root
reaction of 30%. A back surface deflection of the first
runner, the second runner or both the first runner and the
second runner between 25 degree and 35 degrees. A
disc circumferential speed atthe hub and a velocity equiv-
alent of stage isentropic total to status heat drop lies in
arange of 0.5 to0 0.56. A ratio of a second guide tip radius
to a hub radius is less than 1.3.

[0009] The turbine may also be a gas turbine with a
back surface deflection of the first runner and/or the sec-
ond runner of between 25 degrees and 30 degrees.
[0010] Other aspects and advantages of the present
disclosure will become apparent from the following de-
scription, taken in connection with the accompanying
drawings which by way of example illustrate exemplary
embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] By way of example, an embodiment of the
present disclosure is described more fully hereinafter
with reference to the accompanying drawings, in which:

Figure 1 is a top view of a turbine axial stage;

Figure 2 is a side view of adjacent turbine axial stag-
es to which exemplary embodiments are applied;
and

Figure 3 is a side view of adjacent turbine axial stag-
es to which another exemplary embodiment is ap-
plied.
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DETAILED DESCRIPTION

[0012] Exemplary embodiments of the present disclo-
sure are now described with references to the drawings,
wherein like reference numerals are used to refer to like
elements throughout. In the following description, for pur-
poses of explanation, numerous specific details are set
forth to provide a thorough understanding of the disclo-
sure. However, the present disclosure may be practiced
without these specific details, and is not limited to the
exemplary embodiment disclosed herein.

[0013] Fig. 1 shows a turbine axial stage 30, 40 to
which exemplary embodiments of the invention can be
applied. The turbine axial stage includes guides 32 dis-
tributed in a circumferential direction and downstream
runners 36 distributed in a circumferential direction. The
guides 32 and runners 42 have a pitch 24, a throat 22
and a back surface deflection angle  wherein, the pitch
24 is defined as the distance in the circumferential direc-
tion between corresponding points on adjacent guides
32 and adjacent runners 42, the throat 22 is defined as
the shortest distance between surfaces of adjacent
guides 32 and adjacent runners 42, and the back surface
deflection angle & is defined as the 'uncovered turning’,
thatis the changein angle between suction surface throat
point and suction surface trailing edge blend point.
[0014] In anexemplary, shown in Fig. 1 and applied to
aturbine for generating work by the stagewise expansion
of agas, the turbine has an axial direction 14 correspond-
ing to an expansion flow of the gas and a radial direction
16. The turbine has a casing inner surface 12 and a hub
10. Between the casing inner surface 12 and hub 10 are
a plurality of turbine axial stages. Each axial stage in-
cludes a guide 32, 42 fixed to the casing inner surface
12 while each guide 32, 42 has a guide tip 34, 44 that is
distal from the casing inner surface 12 wherein atan axial
midpoint of each guide 32, 42 the distance between the
casing inner surface 12 and the guide tip 34, 44 defines
an average guide height 35, 45.

[0015] Adjacent and downstream of each guide 32, 42
is a runner 36, 46 fixed to the hub 10. Each runner 36,
46 has a runner tip 38, 48 that is distal from the hub 10
wherein at an axial midpoint of each runner 36, 46 the
distance between hub 10 and the runnertip 38, 48 defines
an average runner height 37, 47.

[0016] As shown in Fig. 1, in an exemplary embodi-
ment the second guide average height 45 is less than
the first runner average height 37. This creates a
waved/stepped casing inner surface 12 while the hub 10
remains essential straight.

[0017] In an exemplary embodiment shown in Fig. 1in
the axial direction along the casing inner surface in the
axial direction, the guide 32, 42 forms a bellmouth shape.
[0018] In a not shown exemplary embodiment in the
axial direction along the guide tips, 34, 44, the guide tips
34, 44 form a bellmouth shape.

[0019] In an exemplary embodiment shown in Fig. 1,
the hade angle 0, defined as flare angle of the tip of a
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runner 36, 46, is constant in the axial direction 14.
[0020] In another exemplary embodiment shown in
Fig. 2, where the second guide average height 45 is less
than the first runner average height 37, both the casing
inner surface 12 and the hub have a wave/step shape.
In this way, in the region between and including the first
axial stage 30 and second axial stage 40, the hub radius
both increases and decreases.

[0021] Inanexemplary embodiment, the K value of the
runner 36, 46, defined a ratio of the throat 22 to pitch 24,
varies from 0.25 at the hub to 0.16 at the runner tip 38, 48.
[0022] Inanexemplary embodiment, the K value of the
runner 36, 46, defined a ratio of the throat 22 to pitch 24,
varies from 0.15 at casing inner surface to 0.25 at the
guide tip 34,44.

[0023] Inanexemplary embodiment aratio of a second
guide tip radius to a hub radius is less than 1.3.

[0024] Due to differences between gas turbine and
steam turbines, application of a waved/stepped casing
inner surface 12 of exemplary embodiments may require
difference configurations for the two types of turbines.
[0025] Inanexemplary embodimentapplied to asteam
turbine either the first axial stage 30, the second axial
stage 40 or both the first axial stage 30 and second axial
stage 40 are configured to have a root reaction of around
30%. In a further exemplary embodiment the steam tur-
bine has a back surface deflection & of the runner 36, 46
of between 25 degree and 35 degrees to reduce losses.
It may further be configured such thatin normal operation
a ratio of a disc circumferential speed at the hub Ur and
a velocity equivalent of stage isentropic total to status
heat drop Cg lies in the range of 0.5 to 0.56.

[0026] In an exemplary embodiment applied to a gas
turbine a back surface deflection of the first runner and/or
the second runner is between 25 degrees and 30 de-
grees.

[0027] Although the disclosure has been herein shown
and described in what is conceived to be the most prac-
tical exemplary embodiments, the presentdisclosure can
be embodied in other specific forms. The presently dis-
closed embodiments are therefore considered in all re-
spects to be illustrative and not restricted. The scope of
the disclosure is indicated by the appended claims rather
that the foregoing description and all changes that come
within the meaning and range and equivalences thereof
are intended to be embraced therein.

REFERENCE NUMBERS
[0028]

10 hub

11 hub radius

12 casing inner surface

14  axial direction (corresponding to an expansion
flow)

16  radial direction

18  circumferential direction
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20  axial midpoint

22  throat

24  pitch

30 first axial stage

32 first guide

34  first guide tip

35 first guide average height

36  first runner

37 first runner average height

38 first runner tip

40 second axial stage

42  second guide

44  second guide tip

45  second guide average height

46  second runner

47  second runner average height

48  second runner tip

® hade angle

1) back surface deflection

U, disc circumferential speed at the hub

Co  velocity equivalent of stage isentropic total-to-stat-
ic heat drop = sqrt(2AH1g)

Claims

1. Aturbine for generating work by a stagewise expan-

sion of a gas, the turbine having an axial direction
(14) corresponding to an expansion flow of the gas
and a radial direction (16) and further comprising:

a casing inner surface (12);
a hub (10),
a first axial stage (30) including:

a first guide (32) fixed to the casing inner
surface (12):

a first runner (36) fixed to the hub (10)
downstream of the first guide (32), hav-

ing:

a first runner tip (38) radially distal
from the hub (10),

a first runner average radial height
(37) between the first runner tip
(38) and the hub (10) along an axial
midpoint of the first runner (36);

a second axial stage (40), downstream of the
first axial stage (30), including:

a second guide (42), fixed to the casing in-
ner surface (12), having;

a second guide tip (44) distal from the
casing inner surface (12);
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a second guide average radial height (45)
between the second guide tip (44) and the
casing inner surface (12) along an axial mid-
point of the second guide (42); and

a second runner (46), fixed to the hub (10)
downstream of the second guide (42),

characterised by the second guide average
height (45) being less than the first runner aver-
age height (37).

The turbine of claim 1 wherein the hub (10) has a
hub radius and the hub radius in a region extending
between and including the first guide (32) and the
second runner (46) is constant.

The turbine of claim 1 wherein the hub (10) has a
hub radius and the hub radius in a region extending
between and including the first guide (32) and the
second runner (46) is variable such that the hub ra-
dius both increases and decreases.

The turbine of claim 1 or 3, further comprising:

a second runner tip (48) radially distal from the
hub (10),
wherein:

a first runner radial height between the hub
(10) and the first runner tip (38) increases
along the axial direction (14) such that a
hade angle (6) formed by the first runner tip
(38) is constant along the axial direction
(14); and

a second runner radial height increases
along the axial direction (14) such that a
hade angle (®) formed by of the second run-
ner tip (48) is constant along the axial direc-
tion (14).

The turbine of any one of claims 1 to 4, wherein the
first guide (32), along the casing inner surface (12)
in the axial direction (14), forms a bellmouth shape
and the second guide (42), along the casing inner
surface (12) in the axial direction (14), forms a bell-
mouth shape.

The turbine of any one of claims 1 to 5 further com-
prising

a first guide tip (34) distal from the casing inner sur-
face (12), wherein:

a first guide (32) radial height between the cas-
ing inner surface (12) and the first guide tip (34)
decreases along the axial direction (14) such
that the first guide tip (34) forms a bellmouth
shape along the axial direction (14); and

a second guide (42) radial height between the
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casing inner surface (12) and the second guide
tip (44) decreases along the axial direction (14)
such that the first guide tip (34) forms a bell-
mouth shape along the axial direction (14).

The turbine of any one of claims 1 to 6 wherein a K
value of the first runner (36) varies from 0.25 at the
hub (10) to 0.16 at the first runner tip (38).

The turbine of any one of claims 7 wherein the K
value of the second guide (42) varies from 0.15 at
casing inner surface (12) to 0.25 at the second guide
tip (44).

The turbine of any one of claims claim 1 to 8 wherein
the turbine is a steam turbine and the first axial stage
(30) is a first axial stage of the turbine configured
with a root reaction of 30%.

The turbine of claim 9 wherein a back surface de-
flection (8) of the first runner (36), the second runner
(46) or both the first runner (36) and the second run-
ner (46) is between 25 degree and 35 degrees.

The turbine of claim 9 wherein the first axial stage
(30) is configured such that in normal operation a
ratio of a disc circumferential speed at the hub (Ur)
and a velocity equivalent of stage isentropic total to
status heat drop (C) lies in a range of 0.5 to 0.56.

The turbine of claim 9 wherein a ratio of a second
guide tip radius to a hub (10) radius is less than 1.3.

The turbine of any one of claims 1 to 9 wherein the
turbine is a gas turbine and a back surface deflection
(8) of the first runner (36) and/or the second runner
(46) is between 25 degrees and 30 degrees.

10

15

20

25

30

35

40

45

50

55



EP 3 023 585 A1

32
ti .\18
14
22
24
. \
5 FIG. 1
12 32 35 36 37 38 42 45 47 @ 4/8
. " Jue
-
________________________ L . . N . 4
1
FIG. 2



EP 3 023 585 A1

16 7

34 T '44 T 10

FIG. 3



10

15

20

25

30

35

40

45

50

55

EP 3 023 585 A1

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 14 19 4229

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

A

US 2 392 673 A (HANS KRAFT)

8 January 1946 (1946-01-08)

* page 3, line 59 - page 5, line 66;
figures *

EP 0 894 945 A2 (SIEMENS AG [DE])

3 February 1999 (1999-02-03)

* paragraphs [0008], [0013] *

* paragraph [0025] - paragraph [0029];
figures *

EP 1 227 217 A2 (MITSUBISHI HEAVY IND LTD
[JP]) 31 July 2002 (2002-07-31)

* the whole document *

EP 2 479 381 Al (ALSTOM TECHNOLOGY LTD
[CH]) 25 July 2012 (2012-07-25)

* the whole document *

US 2006/127214 Al (GLASSPOOLE DAVID [CA])
15 June 2006 (2006-06-15)

* the whole document *

1-13

1-13

1-13

1-13

1-13

INV.
FO1D5/14

TECHNICAL FIELDS
SEARCHED (IPC)

----- FO1D

The present search report has been drawn up for all claims

Place of search Date of completion of the search Examiner

Munich 27 April 2015 Teissier, Damien

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding




EP 3 023 585 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 14 19 4229

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

27-04-2015
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2392673 A 08-01-1946 GB 596784 A 12-01-1948
us 2392673 A 08-01-1946

EP 0894945 A2 03-02-1999  NONE

EP 1227217 A2 31-07-2002 CA 2365090 Al 25-07-2002
DE 60111341 D1 14-07-2005
DE 60111341 T2 16-03-2006
DE 60118807 T2 23-11-2006
DE 60118809 T2 23-11-2006
DE 60118810 T2 23-11-2006
EP 1227217 A2 31-07-2002
EP 1496200 Al 12-01-2005
EP 1496201 Al 12-01-2005
EP 1519007 Al 30-03-2005
JP 3912989 B2 09-05-2007
JP 2002221004 A 09-08-2002
US 2002098082 Al 25-07-2002

EP 2479381 Al 25-07-2012 CN 102606216 A 25-07-2012
DE 102012000915 Al 26-07-2012
EP 2479381 Al 25-07-2012
JP 5595428 B2 24-09-2014
JP 2012154332 A 16-08-2012
US 2012189441 Al 26-07-2012

US 2006127214 Al 15-06-2006  CA 2528730 Al 10-06-2006
US 2006127214 Al 15-06-2006

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




	bibliography
	abstract
	description
	claims
	drawings
	search report

